Introduction
Methamphetamine (MET) is a synthetic amine stimulant that is a highly addictive stimulant. Abuseof MET has increased rapidly worldwide (1, 2) and has become a significant health care and legal concernissue with more than 35 million users in worldwide (3, 4) .
MET could affect multiple organs such as central nervous system and heart tissue. MET using causes hypertension and tachycardia, cardiovascular complications such as myocardial infarction, dysrhythmias, ventricular hypertrophy, pulmonary edema and hypertension, cerebral stroke and hemorrhage, seizures, psychosis, and occasionally (2) death may occur. Previous studies have demonstrated that an increase in catecholamine activity in the branch of the peripheral nervous system is the primary mechanism responsible for MET cardiotoxicity. In fact, high concentration of catecholamine is cardiotoxic and causes narrowing and spasm of the blood vessels, tachycardia, hypertension and probably, death of the cardiomyocyte. Other features of catecholamine toxicity include the formation of fibrous tissue and an increase in the size of heart muscle cells (5) . On the other hand, it has been shown that oxidative stress plays a major role in the molecular toxicity of MET (6) . Reactive oxygen species (ROS) and quinones can be generated by autooxidation and enzymatic oxidative metabolism of dopamine that overwhelm the antioxidant defense systems and lead to oxidative stress. MET-induced oxidative stress has been shown after administration of MET (7, 8) . Additionally, Acikgoz et al described an increase in extracellular concentrations of oxidized glutathione after MET administration (9) . Indeed, it was observed that administration of some antioxidants such as vitamin C and E partially attenuate MET induced-toxicity (10) . In another study, N-acetyl cysteine pretreatment reversed the toxic effects of MET on cells by inhibition of glutathione (GSH) oxidation and reduction of MET-induced ROS formation (4). Eskandari et al showed mitochondrial membrane potential (MMP) collapse and cytochrome c release from mitochondria after MET exposure in rat hepatocytes that was inhibited by antioxidants and ROS scavenger which demonstrate the role of oxidative stress and mitochondrial dysfunction in MET-induced cytotoxicity (11) . So, mitochondrial dysfunction can be linked to MET toxicity and even MET induced-ROS formation causes exacerbation of mitochondrial damage which leads to failure of energy hemostasis and an increase in oxidative stress. There are numerous antioxidants used in clinical studies for attenuating situation that oxidative stress damage is involved. In this study, we have focused on the protective role of propofol against MET induced-oxidative stress in cardiac tissue. Propofol (2, 6-diisopropylphenol) ( Fig.  1) is an intravenous sedative-hypnotic agent that is widely used for both induction/maintenance of anesthesia and sedation (12). Propofol's structure contains a phenolic hydroxyl group and thus is similar to some antioxidant compounds such as a-tocopherol (vitamin E). So, several in-vitro and invivo studies showed that this phenolic chemical structure may results to antioxidant activity of propofol (13) . Previous studies described that propofol significantly attenuated lipid peroxidation in various experimental models (14, 15 ) that led to cell protection against oxidative stress and elevated the anti-oxidant capacity of plasma in humans (16) (17) .Also, it has been shown that propofol prevented mitochondrial damage via stabilizing the transmembrane electrical potential (18) , attenuating MPT (mitochondrial permeability transition) pore opening (19) and ROS scavenging (20) that finally resulted to suppression of mitochondrion-pathway of apoptosis (21) . However, there are no studies about the protective effect of propofol against MET induced-cardiotoxicity. Therefore, in this study, the protective role of propofol in MET-induced cardiotoxicity in rats that received MET was investigated.
Materials and methods

Animals treatment
Male Wistar rats (200-250 g) were kept in an air-conditioned room with controlled temperature of 22 ± 2
• C and maintained on a 12:12 h light cycle with free access to food and water. All experimental procedures were conducted according to the ethical standards and protocols approved by the Committee of Animal Experimentation of Mazandaran University of Medical Sciences, Sari, Iran. All efforts were made to minimize the number of animals and their suffering. Animals were randomly divided into six groups of six animals and the groups were as follows: control group, MET group, MET plus different concentration of propofol group, and vitamin E group (as positive control). All chemicals were dissolved in normal saline. Dose of vitamin E was 200 mg/kg dissolved in olive oil. One group of animals received only normal saline and was assigned as control. MET was administered (5 mg/kg IP) and propofol (5, 10 and 20 mg/kg, IP) was administered 30 min before MET. After 24 hours, animals were killed, heart tissue and blood sample were separated and then heart was minced and homogenized with glass handheld homogenizer (22) . The biochemical parameters determined included: total protein, ROS, lipid peroxidation, GSH and protein carbonyl. Also, blood samples were collected from each animal and the serum obtained by centrifugation was used for the determination of lactic acid dehydrogenase (LDH) and creatine phosphokinase (CPK) with commercial Kit (Pars Azmon, Iran).
Total protein assay
Protein concentrations were determined through the Coomassie blue proteinbinding MET od as explained by Bradford, 1976 (23) .
Quantification of ROS level
The ROS level measurement was performed using DCFH-DA as indicator. Briefly, DCFH-DA was added (final concentration, 10 μM) to samples (1mg protein/ml) and incubated for 10 min. The amount of ROS generation was determined through fluorescence spectrophotometer (RF5000U, Shimadzu, Japan) at 485-nm excitation and 520-nm emission wavelength. The results were expressed as fluorescent intensity per 1mg protein (24) .
Measurement of GSH content
GSH content was determined using DTNB as the indicator and the developed yellow color was read at 412 nm on a spectrophotometer (UV-1601 PC, Shimadzu, Japan). GSH content was expressed as µM (25) . The content of malondialdehyde (MDA) was determined by thiobarbituric acid reactive substances (TBARS) expressed as the extent MDA of productions during an acid-heating reaction. Briefly, 0.25ml sulfuric acid (0.05M) was added to 0.2 mL samples (1 mg protein/ml) afterwards, with the addition of 0.3 mL 0.2% TBA. All the microtubes were placed in a boiling water bath for 30 min. At the end, the tubes were shifted to an ice-bath and 0.4 ml n-butanol was added to each tube. Then, they were centrifuged at 3500×g for 10 min. The amount of MDA formed in each of the samples was assessed through measuring the absorbance of the supernatant at 532 nm with an ELISA reader (Tecan, Rainbow Thermo, Austria). Tetramethoxypropane (TEP) was used as the standard and MDA content was expressed as nmol/mg protein (26) .
Measurement of lipid peroxidation
Protein carbonyl
For determination of protein carbonyl by spectrophotometric method, 200 μL of embryo tissue were needed to homogenate. Samples were extracted in 500 μL of 20% (w/v) TCA. Then, they were placed at 4° C for 15 min. The precipitates were treated with 500 μL of 0.2% DNPH and 500 μL of 2 N HCl for control group, and the samples were incubated at room temperature for 1 h with vortexing at 5-min intervals. Then, proteins were precipitated by adding 55 μL of 100% TCA. The micro-tubes were centrifuged and washed three times with 1000 μL of the ethanol-ethyl acetate mixture. The micro-tubes were dissolved in 200 μL of 6 M guanidine hydrochloride. The carbonyl content was determined by reading the absorbance at 365 nm wavelength (27) .
Statistical Analysis
Results were presented as mean ± SD. All statistical analyses were performed using the SPSS software, version 21. Assays were performed in triplicate and the mean was used for the statistical analysis. Statistical significance was determined using the one-way ANOVA test, followed by the post-hoc Tukey test. Statistical significance was set at P < 0.05.
Results
Cardiac marker enzymes
Administration of MET to rats significantly increased the levels of cardiac injury markers (LDH and CPK levels). Treatment with propofol (20 mg/kg) significantly (p < 0.05) decreased the levels of LDH and CPK in MET-treated animals as compared to MET group (Fig.2) . In animals treated with vitamin E, no significant changes in the cardiac marker enzymes were observed as compared with MET-treated group.
ROS formation
As shown in Fig.3 , MET exposure increased ROS formation as compared with control group (p < 0.05), whereas propofol pretreatment at doses 5 and 10 mg/kg didn't cause significant change in ROS formation as compared with MET group. But pretreatment with 20 mg/kg of propofol resulted in significant reduction of MET-induced ROS formation as compared with MET group (p < 0.05). Also, vitamin E administration significantly (p < 0.05) decreased MET induced-ROS formation.
Lipid peroxidation
Administration of MET significantly increased the MDA level as compared with control group (p < 0.05). Pre-treatment with propofol decreased MET induced-LPO as dose dependent manner that was significant (p < 0.05) at doses of 10 and 20 mg/kg. Propofol at doses of 5mg/kg did not have any effect on MET induced-LPO. The same effect was observed by administration of vitamin E (Fig.4) .
GSH concentration
Administration of MET significantly decreased the GSH content as compared with control group (p < 0.05). Pretreatment with propofol decreased MET Figure 2 Effects of propofol (P) and vitamin E (Vit E) on methamphetamine (MET)-induced toxicity on cardiac marker enzymes. Data were expressed as mean ± SEM (n = 6). *Significantly different from control group (P < 0.05), ***significantly different from control group (P < 0.001), # significantly different from Methamphetamine group (P < 0.05) Figure 3 Effects of propofol (P) and vitamin E (Vit E) on methamphetamine (MET)-induced ROS production in heart tissue Data were expressed as mean ± SEM (n = 6). ROS production was evaluated by DCF as indicator as described in Materials and Methods. ***Significantly different from control group (P < 0.001), ## significantly different from Methamphetamine group (P < 0.01), induced-GSH oxidation as dose dependent manner that was significant (p < 0.05) at dose of 20 mg/kg. Administration of vitamin E did not significantly change GSH content when compared with MET group (Fig.5) .
Protein carbonyl concentration
The protein concentration was found to be increased as a consequence of oxidative stress in MET-treated rats compared with control group (P < 0.05). Also, pretreatment of propofol (20 mg/kg) significantly (P < 0.05) reduced protein carbonyl level in heart tissue of MET treated rats (Fig.6 ).
Discussion
ROS generation is a normal component of oxidative phosphorylation and plays a role in normal redox control of physiological signaling pathways (28) . However, excessive ROS generation triggers cell dysfunction, lipid peroxidation, and DNA mutagenesis and can lead to irreversible cell damage or death. Increased formation of ROS indicating the presence of oxidative stress has been observed play a crucial role in cardiac and vascular abnormalities in different types of cardiovascular diseases of experimental and clinical conditions. Furthermore, antioxidant therapy has been shown to exert beneficial (29) effects in hypertension, atherosclerosis, ischemic heart disease, cardiomyopathies and congestive heart failure. MET abuse is a serious public issue in all parts of the world (3, 4) and could causes cardiotoxicity (30) . The precise cellular mechanism of MET-induced cardiotoxicity is still unknown. The toxic effects of MET are supposed to occur via various mechanisms (31) . 
Figure 6
Effects of propofol (P) and vitamin E (Vit E) on methamphetamineinduced protein in heart isolated mitochondria. Data were expressed as mean ± SEM (n = 6). Protein carbonyl content was evaluated by DNPH as described in materials and methods. ***Significantly different from control group (P < 0.001), # significantly different from methamphetamine group (P < 0.05), Recently, studies have documented role of the oxidative stress in MET-induced cardiotoxicity. Also, oxidative damage of mitochondria might be the initial step in tissue damage caused by MET (31, 32) . In the present study, the role of oxidative stress in MET-induced cardiotoxicity and the ability of propofol on attenuating toxic effects of MET were evaluated. The results demonstrated the impairment of the antioxidant defense system in heart tissue (decreased GSH) in the MET group. This depletion of the antioxidant system could be as the results of MET induced-oxidative stress demonstrated by an increase in ROS formation and lipid peroxidation. The data confirmed the previous studies that showed MET decreased intracellular GSH, increased MDA levels and intracellular ROS production (4, 33) . Both in-vivo and in-vitro studies showed that MET increased dopamine release and thereby ROS such as superoxide (O 2°-) and hydroxyl radicals (OH°) can be created by auto-oxidation of cytosolic free dopamine (31) . In addition, both in-vivo and in-vitro studies demonstrated increased oxidative stress after MET exposure in SH-SY5Y neuroblastoma cells (34) and in rat brain tissues (35, 36) . Recent studies (29) showed the role of ROS generation due to impaired mitochondrial reduction of molecular oxygen, secretion of ROS by white blood cells, endothelial dysfunction, auto-oxidation of catecholamines, as well as exposure to radiation or air pollution in the cardiac and vascular injury. The findings strongly suggest a central role of oxidative stress in the mechanism underlying MET cardiotoxicity.
Several intrinsic and extrinsic antioxidants have been shown to attenuate the evolution of cardiovascular diseases such as heart failure or hypertrophy in experimental models (37) (38) (39) . For example, chronic treatment with the nonspecific antioxidant vitamin E improved cardiac function and blunted heart failure in a guinea pig pressure-overload model. In another study, N-acetyl cysteine prevented cardiac hypertrophy in mice with pressure overload. On the other hand, simvastatin (act as an antioxidant) has been shown to prevent in vitro cardiomyocyte and in vivo pressureoverload-induced hypertrophy. Previous studies showed that using of some antioxidant such as N-acetyl cysteine, ascorbic acid, vitamin E and selenium has beneficial effects against MET toxic effects (10, 40, 41). Propofol is an intravenous sedativehypnotic agent used for induction and maintenance of general anesthesia as well as for sedation. There is similar structure between propofol and α-tocopherol, both contain phenolic hydroxyl group. This phenolic chemical structure made propofol show antioxidant effects both in-vitro and in-vivo experimental models (12) . Recent studies revealed that propofol is able to scavenge free radicals and inhibition of lipid peroxidation (42) . On the other hand, it suggested that polyphenols may increase the endogenous antioxidant capacity. On the base of antioxidant effect of propofol, it was used for increased antioxidant capacity, protection against oxidative stress and subsequently prevention of METinduced cardiotoxicity. As indicated in results section, propofol significantly decreased ROS formation and lipid peroxidation in cardiac tissue. These data confirmed earlier reports about the ability of propofol to diminish lipid peroxidation (15, 43) . Propofol also significantly inhibited MET-induced GSH oxidation that is linked to induction of expression of antioxidant enzymes (44) . Previous studies exhibited that propofol significantly inhibited mitochondrial dysfunction following carbon tetrachloride administration due to its antioxidant effects (20) . In conclusion, propofol via its free radical scavenging and antioxidant properties can be considered as a highly promising agent in protecting against MET-induced oxidative damage .
